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Abstract
We examine the effect of climate variability on human migration in South America. Our analyses 
draw on over 21 million observations of adults aged 15-40 from 25 censuses conducted in eight 
South American countries. Addressing limitations associated with methodological diversity among 
prior studies, we apply a common analytic approach and uniform definitions of migration and 
climate across all countries. We estimate the effects of climate variability on migration overall and 
also investigate heterogeneity across sex, age, and socioeconomic groups, across countries, and 
across historical climate conditions. We also disaggregate migration by the rural/urban status of 
destination. We find that exposure to monthly temperature shocks has the most consistent effects 
on migration relative to monthly rainfall shocks and gradual changes in climate over multi-year 
periods. We also find evidence of heterogeneity across demographic groups and countries. 
Analyses that disaggregate migration by the rural/urban status of destination suggest that much of 
the climate-related inter-province migration is directed toward urban areas. Overall, our results 
underscore the complexity of environment-migration linkages and challenge simplistic narratives 
that envision a linear and monolithic migratory response to changing climates.
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1. Introduction
The effects of catastrophic events (e.g., extreme drought and flooding) on migration in the 
developing world often draw the attention of the public and policymakers. However, human 
migration is also consistently linked to less visible but more pervasive forms of climate 
variability, such as increased temperature (Gray & Mueller, 2012; Marchiori et al., 2012; 
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Bohra-Mishra et al., 2014; Mueller et al., 2014). Although evidence of such effects is much 
more robust than it was only ten years ago, nearly all existing studies have been relatively 
narrow in geographic scope (for an exception see Gray & Wise, 2016). As well, diverse 
methodologies have been applied across these studies. As a result, the extent to which 
previous findings are generalizable across populations and contexts is an open question.
Our study addresses these limitations by quantifying human migration responses to climate 
variability using 25 rounds of census microdata from eight South American countries, and 
applying a common methodology and uniform definitions of migration and climate. This 
approach allows us to assess the extent to which climate change is affecting migration 
patterns across a very large geographic region—nearly an entire continent—and across 
multiple decades. We are also able to test for differences in climate effects according to 
affected individuals' sex, age, educational attainment, country of residence, and the type of 
destination (i.e., urban or rural). Attention to heterogeneity in climate effects is important for 
our understanding of behavioral responses to environmental change. Variations in response 
to similar changes in climate suggest systematic differences in the adaptation mechanisms 
that affected individuals are able or likely to use. Studying such patterns is merited since 
understanding the contours of how response patterns are distributed is a requisite for 
designing effective social protection policies vis-à-vis climate impacts. Evidence regarding 
the composition of climate-induced migration is also necessary to assess the likely social 
and economic consequences of these migration streams. Recent evidence shows that 
environmentally-induced migration in developing countries can bear negative consequences 
on the wages of residents in the receiving communities (Strobl & Valfort, 2015; Maystadt et 
al., forthcoming). Yet exactly who these migrants will affect depends on where they go and 
what skillset they bring to the destination, a question that has motivated large bodies of 
research on migration in general (Aydemir & Borjas 1994; Sjaastad, 1962; Todaro 1969). 
We begin to address this issue here by considering the characteristics of environmentally-
induced migrants and the type of destinations they are moving to.
The remainder of the paper proceeds as follows. In the next section, we review existing 
evidence regarding climate effects on migration and identify key substantive and 
methodological limits to existing knowledge. We then outline our research objectives, data, 
and methodology. Next, we present our estimates of overall climate effects on inter-province 
migration, and test for heterogeneity across demographic groups. We then present estimates 
of climate effects on inter-province migration by the rural/urban status of destination using a 
subset of the data that includes information on destinations. As a final set of analyses, we 
assess whether the effects of climate variability on inter-province migration vary by country 
and historical climate conditions. We conclude by discussing our results and identifying 
implications for future research on this topic.
2. Climate and migration
As consensus formed around evidence of global anthropogenic climate change, concerns 
about climate-related migration—and so-called climate refugees—became increasingly 
widespread (Myers, 1997). While human migration continues to be one of the main expected 
social impacts of climate change, a more nuanced and evidence-based perspective has 
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largely replaced predictions that climate change will uniformly cause large scale (and 
international) population movements (Black et al., 2011; Fussell et al., 2014; Hunter et al., 
2015). The fundamental premise that climatic changes affect human migration patterns has 
largely not been disputed. The existence of such relationships has been shown across many 
studies (Bohra-Mishra et al., 2014; Gray & Mueller, 2012a; Hunter et al., 2013; Hunter et 
al., 2015; Mueller et al., 2014; Nawrotzki et al., 2015), and is consistent with prior work 
linking climate anomalies to short-term welfare losses in many developing countries 
(Paxson, 1992; Jalan & Ravallion, 1999; Dercon, 2004; Kazianga & Udry, 2006). However, 
recent research has underlined a number of complexities and contingencies with respect to 
climate effects on migration. These include differences according to the type of climatic 
change, the demographic characteristics and socioeconomic status of affected groups, and 
the distance and direction of migration.
Multiple types of climatic variability have been shown to affect migration. Key distinctions 
among climate measures include that between temperature and rainfall, and according to 
whether the measure captures short-term shocks or anomalous conditions over longer 
periods of time (e.g., multiple years). Some prior studies have found significant rainfall 
effects (Gray & Mueller, 2012a; Henry et al., 2004; Hunter et al., 2013), but recent findings 
suggest that temperature anomalies may also have consistent independent effects on 
migration (Bohra-Mishra et al., 2014; Gray & Wise, 2016; Mueller et al., 2014). 
Precipitation and temperature can plausibly affect mobility through a number of pathways or 
mechanisms, such as damaging housing and other physical infrastructure (De Waard et al., 
2016; Fussell & Harris, 2014; Gray & Mueller, 2012b), causing physiological changes that 
shape household economic outcomes (e.g., lower productivity due to heat stress) (Graff 
Zivin et al. 2015; Hsiang, 2010), and through sector- or economy-wide impacts (Burke et al. 
2015). Among this set of possible pathways, climate effects on migration have been most 
commonly hypothesized to occur via an agricultural mechanism in areas relying on 
subsistence agriculture (Kubik & Maurel, 2016; Nawrotzki & Bakhtsiyarava, 2016). In such 
a context, climate effects have been framed as first affecting agricultural production and 
then, through related effects on livelihoods, changing migration behavior (Gray & Mueller, 
2012b; Mueller et al., 2014).
To this end, evidence regarding climate effects on agricultural production yields findings 
generally consistent with the migration literature. For example, evidence that abnormally 
high or low temperatures have adverse effects on agricultural production (Lobell & Asner, 
2003; Lobell & Field, 2007; Peng et al., 2004) corresponds with findings showing strong 
temperature-migration links (Bohra-Mishra et al., 2014; Mueller et al., 2014). However, 
careful attention to the magnitude and direction of temperature anomalies appears 
warranted. As just one example, consider research that suggests that temperature effects on 
crop yields may be non-linear. In such cases, adverse climate effects on agriculture may only 
occur beyond certain temperature thresholds, with positive effects occurring as temperatures 
increase up to that critical value (Schlenker & Roberts, 2009). Likewise, other research has 
noted that abnormally low temperatures may also adversely affect agricultural production 
(Almaraz et al., 2008), suggesting the possibility of thresholds at both ends of an optimal 
temperature range for a given crop or crop system (Bardsley & Hugo, 2010; Bohra-Mishra et 
al., 2014). The complexity evident in this and other examples provide little in the way of 
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clear hypotheses about the direction of climate effects on human mobility, since the effect of 
warming and cooling on livelihoods (and thus migration) may be contingent upon the 
magnitude of the change and the critical thresholds present in particular agro-ecological 
systems affected by climate change.
In addition to the distinction between temperature and rainfall effects, studies have shown 
significant climate effects on migration using measures of shocks at different time scales. 
Examples in the existing literature range from season-specific measures of climatic 
conditions (Mueller et al., 2014) to multi-year averages (Bohra-Mishra et al., 2014). The 
choice of measures has substantive implication since the behavioral responses to short-term 
shocks and slow-onset changes may be quite different. Responses to rapid-onset, short-
duration shocks are largely framed in terms of ex post risk reduction: migration is a part of 
household strategies to mitigate the effects of adverse shocks on livelihoods, or to take 
advantage of a positive shock (Kleemans, 2014). Gradual changes in climatic conditions 
may also elicit behavioral changes—including migration— but the linkages are less clear 
since they may reflect differences in perceptions of change, ability to respond, and the 
availability of other in situ responses (Burke and Emerick, forthcoming; Nawrotzki & 
DeWaard, 2016).
The potential for heterogeneous outcomes according to individuals' ability to respond is 
consistent with expectations that climate-migration relationships are also shaped by social, 
economic, and political conditions in affected areas (Black et al., 2011; Hunter et al., 2015). 
Prior studies show that migratory responses to climatic variability differ according to 
demographic characteristics, socioeconomic status, and, in some cases, community-level 
variables such as migration networks (Nawrotzki et al., 2015). These characteristics are 
often viewed as correlates to vulnerability, determining both the severity of climate effects 
(e.g., on food security) and the set of possible responses to these changes. For example, in 
contexts with sex-segregated labor markets, male household members may be more likely to 
undertake labor-related migration in response to environmental changes (Gray, 2010). On 
the other hand, female-headed households may be in precarious economic situations that 
increase their likelihood of migration (Gray and Mueller, 2012b). Marriage-related 
migration is also common among women in some contexts. To the extent that marriage has 
economic implications for the affected households, one would expect these 
disproportionately female migration streams to be uniquely affected by weather shocks 
(Findley, 1994; Gray and Mueller, 2012a).
Beyond gender, the role of baseline (i.e., pre-shock) socioeconomic status has been posited 
to affect both households' need to move in response to shock, as well as their ability to do so 
(Kubik & Maurel, 2016). On the one hand, individuals with limited resources commonly 
mitigate income risks through labor diversification, which often involves geographic 
mobility (Kochar, 1999; Rose, 2001; Jayachandran, 2006; Dillon et al., 2010). In other cases, 
however, climatic changes may have an immobilizing effect in which the change in 
environment negatively affects household resources needed to move (Black et al., 2011; 
Warner & Afifi, 2014). Such trapped population dynamics run contrary to arguments that 
conflate poverty with vulnerability to displacement. Other dimensions of socioeconomic 
status may also affect environment-migration dynamics. For example, education may not 
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only moderate climate effects on migration by enabling in situ responses, but also by 
affecting individuals' baseline livelihoods (determining exposure to climatic change) and 
employment prospects in potential destinations (Deressa et al., 2009; Todaro, 1969).
Contextual factors may also moderate or mediate the relationship between climate and 
migration. Affected individuals are embedded in unique regional and national settings. 
These structural conditions affect the extent to which a given climatic change has a tangible 
effect on individuals, and shape individuals' ability and propensity to move. For example, 
prior research has demonstrated that the macroeconomic effects of temperature shocks have 
historically been limited to poor countries, and in some cases operate through a political 
mechanism (Dell et al., 2012). Other macroeconomic and political conditions—such as 
those shaping the availability of resources for climate mitigation programs and migration 
laws, for example,—may also affect climate-related migration (Adger, 2006; Kim & 
Wolinsky-Nahmias, 2014; Reuveny, 2007). Of course, environmental context also matters. 
Climate impacts are expected to be disproportionately concentrated in certain regions and 
agro-ecological systems (e.g., coastal communities, areas dependent upon rainfed 
agriculture), resulting in substantial spatial variation in climate-related risks (Jones & 
Thorton, 2003; Piontek et al., 2014; Thorton et al., 2009; Wheeler & von Braun, 2013). How 
these contextual factors interact to affect migration in a given particular setting is largely an 
empirical question, but the implication is clear: Factors above and beyond household 
characteristics may shape the effect of climate on migration.
The potential for both displacing and immobilizing effects underlines the somewhat 
ambiguous expectations regarding the direction of climate effects on migration. They also 
suggest the need to account for the type of move in question. For example, wealth—
including so-called natural capital—may be particularly important for moves over longer 
distances (e.g., inter-region, inter-national) (Gray, 2009). This point is well established in the 
broader migration literature, which has shown that the economic and psychic costs of 
migration generally increase with distance (Sjaastad, 1962). Local mobility may therefore be 
relatively more available as a coping mechanism to the poor, leading to less selective climate 
effects on local moves than longer-distance migration. Perhaps unsurprisingly, then, rates of 
local movement have been shown to be more responsive to climatic variability than long-
distance and international moves (Findley, 1994; Gray and Mueller, 2012b). That said, we 
also underline the possibility that in some cases longer-distance migration may be a more 
common, and indeed necessary response to environmental change. Local migration may not 
be an effective response to income risks driven by environmental changes that are common 
to a region (i.e., covariate shocks), making longer-distance migration the more effective risk-
reduction strategy in these instances (Rosenzweig & Stark, 1989).
Climate effects on migration may also diverge with respect to the type of destination. While 
one could describe destinations according to a number of variables, the difference between 
rural and urban destinations is particularly salient. Evidence that climatic changes drive 
migration to rural areas may suggest that affected persons are adapting via simple 
geographic diversification (e.g., shifts from on-farm labor to agricultural wage labor in 
another region), but moves to urban areas would suggest both geographic and livelihood 
diversification (e.g., shifts out of agriculture entirely). The difference between such 
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strategies has clear implications for integration and economic outcomes among migrants 
(including their ability to remit resources back to their origin), as well as for the impacts in 
receiving communities (Strobl & Valfort, 2015; Maystadt et al., forthcoming). Overall then, 
the existing literature on this topic has become increasingly sophisticated and robust in 
recent years, but existing results paint a complicated picture when considered as a whole. 
We attempt to better-understand the extent to which substantive or methodological 
considerations underpin this complexity in the current study.
3. Research objectives
Diversity among existing findings regarding whether and how climatic conditions affect 
migration reflects institutional and agro-ecological differences across the contexts in which 
prior studies have taken place. However, prior research has also employed different, and in 
most cases non-comparable, data and methods. Given that estimates of climate effects on 
migration are sensitive to how variability in conditions is conceptualized and measured 
(Auffhammer et al., 2013; Hsiang, 2016), it is difficult to distinguish between the substantive 
and methodological causes of observed diversity of existing findings. This state of existing 
evidence has limited researchers' ability to make generalizable claims about climate-induced 
migration, and to develop a clear understanding of why climate effects vary across contexts.
The fundamental goal of this paper is to assess the effect of climate variability on human 
migration patterns across a large multi-national region, and thereby provide more 
generalizable estimates than most existing studies. In advancing this objective, we address a 
number of specific questions and objectives. First, we ask how climatic variability affects the 
likelihood of inter-province migration in South America. Here, we focus on two aspects of 
climate variability that have received little attention to date. For one, we consider changes in 
climatic conditions measured over multi-year periods, which is intended to capture the effect 
of gradual changes in conditions. Understanding whether migration is employed as a part of 
strategies to adapt to slow-onset, long-term changes can add to emerging evidence regarding 
adaptation to long-term environmental change (versus short-term fluctuations) (Burke & 
Emerick, forthcoming; Koubi et al., 2016; Seo & Mendelsohn, 2008). Additionally, we 
examine the effect of exposure to repeated or prolonged climatic extremes. This avenue is of 
particular interest from a development standpoint concerned with understanding how to 
design resilience-enhancing social protection programs and lift households out of poverty 
traps (Barrett & Constas, 2014; Carter & Barrett, 2006). For both forms of climate 
variability, we consider 5- and 10-year periods to assess whether responses differ according 
to periodization. While we find some differences in the precision of our estimates according 
to the time frame, the main results are largely similar across models.
We proceed using the two 5-year climate measures from this initial analysis since they 
correspond directly with the migration interval. Using these measures, we examine whether 
climate effects on inter-province migration vary by individuals' age, sex, and primary school 
attainment (our second objective). Third, we ask whether climate affects inter-province 
migration to urban areas more than to rural destinations. The type of places that 
environmentally-induced migrants are moving to has implications for their personal 
outcomes (e.g., their likelihood of employment, wages; Harris & Todaro, 1970) and, 
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depending on the size and composition of such migration streams, for the impacts in 
receiving communities (Strobl & Valfort, 2015; Maystadt et al., forthcoming). Evidence 
linking climate-induced population movements to urban growth and urbanization would 
unsettle assumptions that these are growth-driven processes, as a number of other studies 
from the African context have recently suggested (Barrios et al., 2006; Henderson et al, 
2015; Poelhekke, 2011). Fourth, we test for differences in climate effects across countries. 
Although we are unable to identify specific country characteristics that moderate the effect 
of climate variability on migration, these tests provide a set of evidence as to whether 
national context—social, economic, and environmental—shapes the impacts of and 
responses to climatic variability. Fifth and finally, we assess whether the effects of climatic 
variability vary according to historical climate, with particular focus on average precipitation 
and temperature levels.
South America represents an appropriate region for investigating the influence of climatic 
variation on population mobility. For one, agriculture remains a major source of livelihood 
across the continent, particularly among vulnerable low-skilled workers and poor households 
(Vergara et al., 2014). As such, considerable shares of the population are directly exposed to 
the effects of climatic variability. Second, the historical precedence of internal and 
international migration in the region suggests that migration is commonly used as a means 
of adapting to changing material conditions (Cerrutti & Parrado, 2015). These observations 
suggest that migration is also likely to be used as a response to climate change and its 
second-order economic effects. Third, vulnerability and conditions for adaptation are 
heterogeneous across the continent, as evidenced by variation in overall levels of 
development, inequality, and the existence of social protection programs. Such diversity 
provides a unique environment for examining cross-national differences in climate effects on 
migration, the existence of which would suggest that macroeconomic and other structural 
factors may moderate adaptation to climate variability (Dell et al., 2012; Dell et al., 2014). 
Finally, as we describe in the next section, the availability of integrated data from across 
much of the continent and over many time periods also makes South America an 
advantageous context for studying climate effects on migration on a regional level.
4. Data
We use two secondary data sources for our analysis. First, we extracted multiple rounds of 
census data from the Integrated Public Use Microdata Series-International (IPUMS-
International) (Minnesota Population Center, 2015). Using these data, we create a dataset 
that includes indicators of migration status, individual characteristics (age, sex, and primary 
school attainment) and location on census day and five years prior. All observations in our 
analytic sample include an indicator variable denoting whether an individual's province (or 
equivalent) of residence at the time of the census is different than their province of residence 
five years prior. This variable serves as our primary outcome of interest.
Our primary sample is drawn from eight countries in South America. Within the region, our 
data are limited to countries for which two or more censuses had collected information on 
individuals' 5-year migration status and their location of residence five years prior to the 
census at the first-order subnational level or below. We restrict our data to countries with two 
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or more years of census data in order to estimate models with province-level fixed effects. 
These fixed effects reduce the potential of omitted variable bias driving the estimated 
coefficients on temperature and precipitation. This step is particularly important given 
limitations in data availability, which restrict us from including geographic variables that 
would be correlated both with climate and migration. We further restrict our sample to adults 
aged 20 to 45 at the time of the census, which corresponds with ages 15 to 40 at the 
beginning of the 5-year period for which we measure migration. Preliminary estimates of 
age-specific migration rates showed this age group to have the highest likelihood of 
mobility.
After these restrictions, our primary sample includes 21,344,711 observations from the 
following countries and census years: Argentina (1970, 1980, 2001), Bolivia (1976, 1992, 
2001), Brazil (1991, 2000, 2010), Chile (1982, 1992, 2002), Colombia (1985, 1993, 2005), 
Ecuador (1990, 2001, 2010), Paraguay (1982, 1992, and 2002), and Uruguay (1975, 1985, 
1996, 2011). Our analysis of inter-province migration by type of destination also defines 
migration according to whether an individual's province of residence on census day is 
different than their province of residence five years prior. Among migrants, however, this 
measure distinguishes according to whether individuals' census-day residence (i.e., their 
destination) is in a rural or urban area. The sample for this part of the analysis is restricted to 
the subset of the data for which information on destination type is available from two or 
more censuses for a given country. Since only three censuses in our original sample lack 
data on the rural/urban status of destination, our sample includes a total of 21,046,951 valid 
observations from eight countries, equivalent to 98.6% of our primary sample.
Second, we extracted monthly rainfall and temperature data for 1951-2013 from the 
Climatic Research Unit's (CRU) time series version 3.21 (Harris et al., 2014) at the province 
level using time-stable boundaries constructed by IPUMS. CRU is a global dataset of 
monthly weather conditions. These data are constructed at 0.5° resolution and are based on 
interpolations of data from over 4,000 weather stations. Using the CRU data, we constructed 
six sets of variables to measure exposure to climate variability at the province level. We 
extracted the data as spatial means to construct these province-level measures (Gray & Wise, 
2016). The first two sets of variables represent temperature and rainfall averages over the 5- 
and 10-year periods from the month of the census backward, standardized to all other 5- and 
10-year consecutive periods in the climate history of that province. We define these 5- and 
10-year periods, respectively, as the 60 and 120 months from the month that the census day 
occurred in. As such, the 5-year period corresponds directly to the interval over which 
migration is measured.
A related pair of variables represents the standardized temperature and rainfall averages 
during the sixth through tenth years prior to each census, which allows us to capture 
potential lagged migratory responses to climate variation. Three additional sets of variables 
indicate the number of monthly temperature and rainfall z-scores (standardized to the full 
province history) exceeding two standard deviations (a) above and (b) below the mean 
during the 5- and 10-year period prior to the census, as well as the sixth through tenth years 
before each census. This two standard deviation criterion has been used in other climate and 
social science research to identify exceptional or severe temperature or precipitation levels, 
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which contrast with the more typical variations that would be captured by a one standard 
deviation threshold (Hansen et al., 2012; Hunter et al., 2013; Rose, 2001; Twardosz & 
Kossowska-Cezak, 2015). Among these indicators of monthly shocks, however, we redefine 
negative rainfall shocks as any month when cumulative rainfall was less than 1 mm. This 
step is necessary because the z = (-)2 rainfall threshold falls below zero for provinces with 
low and/or highly variable historical rainfall patterns, making it an unobservable outcome 
for those places.
By merging the province-year climate dataset to the harmonized census data from IPUMS 
we are able to measure how exposure to climate variability affects the likelihood of inter-
province migration, and determine if these relationships vary according to whether migrants 
moved to rural or urban destinations. Comparing results using different frames of reference 
allows for an explicit test of whether slow changes in climate affect mobility decisions. 
Contrasting findings produced from measures of changes in multi-year averages to 
cumulative exposure to extremes allows us to further assess whether migration is driven by 
gradual variations in climate or repeated or prolonged exposure to shocks in the medium 
run.
5. Empirical Strategy
We estimate a series of logistic regression models applied to our dataset to measure 
individual migration responses to climate variability. We control for exogenous individual 
characteristics (age, sex, and primary school attainment) and climate variability by including 
a set of variables Xi(t)p,t. We also include fixed effects for δp origin province and δd census-
decade, with decades defined as ten year intervals starting from 1970. We control for 
common temporal changes on this ten-year basis since few censuses in our sample occurred 
on the same year, but our data include observations from two or more decades for each 
country. Since our analysis relies on repeated cross-sectional data, we adopt the convention 
of using t to reflect survey year and i(t) to convey the observation is taken from individual i 
from survey year t below:
(1)
Our primary analysis focuses on inter-province migration. Since our dependent variable is 
binary, we assume a logit specification for the model, where πmi(t)p,t signifies the odds of 
moving and πni(t)p,t the odds of not moving for individual i(t) from origin province p and in 
survey year t. We weight observations by the inverse probability of selection and cluster 
standard errors at the level of the origin province to allow for correlation in unobserved 
residential factors that influence migration outcomes. We take a similar approach when 
analyzing inter-province migration by the rural/urban status of destination, but given the 
categorical nature of this variable we use a multinomial specification in which m in equation 
1 indicates migration to a specific type of destination (i.e., rural or urban).
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Our first set of analyses focuses on estimating the respective overall effects of 5- and 10-year 
temperature and rainfall conditions and cumulative exposure to monthly shocks over those 
same periods. We also test for the presence of lagged effects by modeling migration as a 
function of rainfall during the sixth through tenth year prior to each census. Next, we focus 
on the effects of 5-year climatic conditions and cumulative exposure to monthly shocks over 
the 5-year periods from the time of each census, which correspond directly to the period for 
which individuals were at risk of migration. A focus on this time period is particularly 
appropriate for the analyses of heterogeneity, where a key question is whether the immediate 
responses to shocks differ systematically across groups and places. Using these two sets of 
measures, we examine whether inter-province migration is a more common adaptation 
behavior among particular subpopulations in each country by estimating a series of models 
that interact each climate variable with individuals' age, sex, and primary education 
attainment. The coefficient estimates of these interaction terms can be additively combined 
to estimate the net climate effect on the log odds of migration for a group of interest. To aid 
interpretation, throughout the text, we also present the corresponding net odds ratios (ORs) 
from these interaction models for groups of interest. We test for significant climate effects 
on migration for each group and conduct post-estimation tests of the joint interaction effects.
Next, we model climate effects on inter-province migration by the rural/urban status of 
destination using a multinomial framework. We then assess whether the effect of climate 
variability on inter-province migration varies across countries by estimating models that 
allow for interactions between country fixed-effects and our climate measures. As with our 
analyses of micro-level heterogeneity, we estimate climate effects for each group and 
evaluate the joint effect of all climate-country interactions. Finally, we estimate models that 
interact our 5-year climate measures with indicators of historical temperature and 
precipitation levels for each province.
6. Results
6.1. Descriptive statistics
We begin by describing key variables in our analysis (Table 1). Migration and climatic 
conditions are the primary variables of interest. The 5-year inter-province migration rate is 
5.1 per 100. Our supplementary analyses also consider inter-province migration by the rural/
urban status of destination. Less than one-fifth of inter-province moves for which we have 
information about the type of destination went to rural areas (rate = 0.9 per 100), with a 
large majority moving to urban areas (rate = 4.0 per 100).
Our summary statistics also reveal considerable variation in climatic conditions. The 
observed temperature and rainfall conditions over the years prior to each census in our data 
range from exceptionally low to exceptionally high relative to conditions in the historical 
record for each province. We also observe considerable variation in the observed number of 
monthly shocks during the 5- and 10-year periods prior to each census, although the ranges 
vary by the particular measure in question. For example, across all 5-year periods just prior 
to the censuses in our data, the number of positive monthly temperature shocks ranged from 
0 to 15, while the number of negative temperature shocks ranged only from 0 to 7. The range 
of negative rainfall shocks over all 5-year periods prior to the censuses in our data is much 
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higher (36), which in part reflects our definition of negative rainfall shocks as months with 
less than 1 mm of rainfall (regardless of historical climate).
Although we focus on deviations from province-specific historical conditions, understanding 
the range of actual climatic conditions aids interpretation. For example, the average 
historical reference points for the 5-year measures were 19.6°C and 7,015.8 mm for 
temperature and rainfall, respectively. Of course, these averages across the 139 province-
level units in our analysis mask considerable variation in average conditions. As just one 
example, consider that the average historical temperature ranged from 4.9°C to 27.6 °C. This 
and other sources of variation have substantive implications for our analyses, since they 
suggest the possibility that both positive and negative deviations from average may have 
consequences that affect migration patterns.
6.2. Overall climate effects
Our first series of models estimate the effect of changes in multi-year climatic conditions 
and cumulative exposure to monthly shocks, considering 5- and 10-year periods and 
measures of climate variation for the sixth through tenth year prior to each census (Table 2). 
For reference, we present coefficient estimates from a baseline model that includes only 
control variables and decade and province fixed effects (Specification A). The results of the 
joint Wald test of climate variables shown for each subsequent model indicate whether the 
addition of the given climate variables offers an improved fit vis-à-vis this baseline.
The measures of multi-year climatic conditions represent the deviation of average 
temperature and total rainfall during that period from the long-term averages for each 
province, expressed in terms of province-specific z-scores. With respect to multi-year 
climate averages, we find that over 5-year periods, higher temperatures have a marginally 
significant (p<0.10) positive effect on the likelihood of inter-province migration 
(Specification B). The coefficient estimate of 0.061 (OR=1.063) is only statistically 
significant at marginal levels, with the estimate indicating that the odds of inter-province 
migration increases 6.3% for each standard deviation increase in the 5-year average 
temperature. Consistent with prior findings that temperature has stronger effects on 
migration than rainfall, the effect of changes in 5-year average rainfall is not significantly 
different from zero. Our estimates indicate no statistically significant associations between 
climate and inter-province migration when climate deviations are measured over a 10-year 
period (Specification C) or for years 6-10 prior to each census (Specification D). However, 
estimates show a significant positive association between changes in temperature during 
years 1-5 prior to each census and migration after controlling for climatic conditions during 
years 6-10 prior to the census (Specification E).
We also consider the effect of cumulative exposure to monthly shocks, which we measure 
with four variables that indicate the number of months that rainfall and temperature 
exceeded two standard deviations above or below the long-term average in a given period. 
Recall here that our measure of negative rainfall shocks simply captures months when total 
rainfall did not exceed 1 mm. A value of one for any of these variables represents a single 
one-off shock, while a value greater than one could indicate either repeated shocks 
throughout the period or a prolonged, multi-month period of extreme climatic conditions. 
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We find that both positive and negative temperature shocks have significant positive effects 
on the likelihood of inter-province migration when measured over the five years prior to 
each census (Specification F). For every additional month that temperatures were more than 
two standard deviations above the long-term average, the odds of inter-province migration 
increased by 3.4%. The effects were somewhat stronger for negative temperature shocks—
which are less common in our data than positive shocks—with an 8.2% increase in 
migration odds for every month of exposure. These findings are consistent with evidence of 
non-linear climate effects (Burke et al., 2015). While prior research has tended to focus on 
the thresholds apparent at high temperatures, our findings also provide evidence of adverse 
effects at abnormally low temperatures. The implication is that deviations outside of an 
optimal temperature range (whether positive or negative) may disrupt local economies, with 
an apparent displacing effect. This result holds true whether temperature shocks are 
measured for 5- or 10-year periods (Specifications F and G, respectively). However, 
additional analyses show that temperature shocks during the sixth through tenth year prior to 
each census have non-significant effects on migration (Specification H), and that the 
estimated effects of shocks during years 1-5 before each census retain their significance 
when controlling for conditions during years 6-10 (Specification I). Together, these results 
indicate that temperatures during the five-year migration period, rather than before it, are 
most important for migration decisions as measured here.
Counts of positive rainfall shocks have a non-significant effect on migration when measured 
over the five years just prior to each census (Specification F), but have statistically 
significant, negative effects on migration when measured over 10-year periods (Specification 
G) and for years 6-10 prior to each census (Specification H). This result suggests that 
higher-than-average rainfall, and presumably good agricultural conditions, reduces pressures 
for out-migration through a lagged effect. Considered in the context of the estimated 
temperatures effects described above, our results suggest that adverse climatic conditions—
temperatures outside of optimal levels—promote out-migration from affected areas. In 
contrast, exposure to higher-than-average rainfall—which in the absence of flooding may 
have positive effects (e.g., via increased crop production)—reduces migration, likely by 
lowering risk and other incentives for moving. Together, these findings are consistent with 
narratives that suggest out-migration is associated with adverse environmental conditions in 
the origin. That said, we also acknowledge the possibility that declines in migration 
associated with positive rainfall shocks represent an immobilization effect associated with 
flooding, which together with drought have been identified as key threats in the region 
(Dilley et al. 2005).
6.3. Between-group heterogeneity
We next assess the extent to which the effects of our 5-year climate measures vary across 
different demographic groups (Table 3). We proceed with these additional analyses using the 
5-year measures that directly correspond with the interval used for our migration outcome, 
and for which our overall estimates suggest there are robust temperature effects. Here, we 
consider variation in climate effects by age, sex, and education, with the latter indicated by 
whether or not the individual completed primary school. We begin by interacting age with 
the standardized measure of 5-year temperature and rainfall conditions (Specification A). 
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Our results indicate that high rainfall diminishes the likelihood of migration at younger ages 
within our age range, but this negative effect is suppressed as respondents' age increases. For 
example, point estimates of rainfall effects range from as large (in absolute terms) as a 7.3% 
decline in migration odds per standard deviation increase in rainfall among those aged 20 at 
the time of the census (OR=0.932, β= -0.070, p=0.032) to statistically zero (OR=1.012, 
β=0.012, p=0.770) among those aged 45 at the time of the census (the upper end of our age 
range). Again assuming that increased rainfall is associated with improved agricultural 
conditions (in the absence of flooding), this finding suggests a dynamic whereby improved 
conditions increase demand for labor within households, with persons in the most active age 
affected most. For example, families might be less inclined to send their child to migrate 
under periods of high rainfall because they are less likely to need the income (Bandara et al. 
2015; Beegle et al. 2006). The interaction between age and 5-year temperature averages are 
non-significant.
Considering the models that interact age with the number of monthly shocks per 5-year 
period (Specification B), we find that the effects of negative temperature shocks are 
moderated with age, but differences are only significant at marginal levels. Other climate 
shocks do not vary significantly with age.
We also examine whether climate effects vary by sex. Interacting sex with the 5-year rainfall 
and temperature averages reveals significant differences in temperature effects between men 
and women (Specification C). Higher-than-average-temperatures over 5-year periods 
increase the likelihood of inter-province migration among women only (OR=1.077). The 
effects among men are non-significant, as are the effects of the 5-year average rainfall 
measure among both men and women. Despite common assumptions—and evidence from 
some contexts (Halliday 2006)— that male labor migration is most responsive to shocks 
than migration among women, there is also evidence that female migrants are sometimes 
more likely to act in an insurance role (Rosenzwig & Stark, 1989; de la Briere et al., 2002). 
This finding may also reflect the fact that, in the region, migration among women related to 
livelihood diversification became common in only the latter parts of our study period 
(Cerrutti, 2009). If patterns of migration among men are relatively entrenched, then 
migration among women may be viewed as more flexible and thus disproportionately 
sensitive to even gradual changes in conditions. While speculative, this interpretation is 
consistent with research that has documented gender differences in migrant networks across 
the Americas, where men are more likely to be involved in dense, mature migrant networks 
than women (Hagan 1998).
With respect to the effect of exposure to monthly shocks (Specification D), positive and 
negative temperature shocks have positive effects for both men (OR=1.333, OR=1.096, 
respectively) and women (OR=1.035, OR=1.068, respectively). These estimates are 
consistent with prior models with respect to the effects of temperature versus rainfall shocks. 
Interaction terms indicate that the effect of negative temperature shocks is smaller in 
magnitude, but still positive, among women than men (p<0.01).
The final individual-level source of heterogeneity that we consider is education, which may 
also be interpreted as a rough proxy of socioeconomic status. We consider primary school 
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completion because all adults in our analytic sample were beyond the typical primary school 
age at the beginning of the 5-year period used to measure migration and climate. Our first 
analysis considers the interaction between education and 5-year rainfall and temperature 
averages (Specification E). We find positive temperature effects (OR=1.104), but only 
among individuals who did not complete primary school. The effects of temperature are 
non-significant among persons who completed primary school, as are the effects of multi-
year rainfall conditions for both groups. With respect to the effects of rainfall and 
temperature shocks measured at the monthly time scale (Specification F), we find consistent 
positive effects of positive and negative temperature anomalies among both those who did 
and did not complete primary school, with nonsignificant interaction terms. However, post-
estimation tests reveal a significant joint effect of the education-climate interaction terms in 
this model. Overall, these results suggest a dynamic whereby those with low education (and 
lower socioeconomic status) are more likely to be displaced by gradual climatic changes 
than those who completed primary school, with exposure to anomalous temperatures driving 
these moves. In contrast, temperature shocks have significant effects on inter-province 
migration for all groups. A similar pattern was observed with respect to age- and gender-
based differences, which were apparent in the effects of gradual changes over 5-year periods 
but not the effects of monthly shocks.
6.4. Climate effects on inter-province migration by destination type
The consequences of migration for both the individual migrant and the affected population 
as a whole may in part be contingent upon whether migrants are moving to rural or urban 
areas. To assess the extent to which climate-induced migration may be driving individuals 
disproportionately to rural or urban areas, we estimate multinomial logistic regression 
models of inter-province migration by the rural/urban status of destination (Table 4). Since 
the rural/urban status of residence is only available for a subset of the population, the 
estimates from these two models are not directly comparable to our prior analyses. We begin 
by examining the effect of period rainfall and temperature averages (Specification A). None 
of the estimates meet the standard threshold for statistical significance, and the negative 
effect of temperature on the likelihood of inter-province migration to rural destinations is the 
only estimate that is significant at a marginal level. The coefficient estimate indicates a 
negative temperature effect (relative risk ratio, RRR=0.932) on inter-province migration to 
rural areas, which may reflect a correlation between adverse conditions in the province of 
residence and those in surrounding provinces where individuals may be most likely to 
migrate. That such conditions would reduce moves to rural destinations—where climate 
effects on agriculture would be most concentrated—is consistent with proposed agricultural 
mechanisms.
When estimating the effect of monthly rainfall and temperature shocks (Specification B), we 
find that the positive effect of positive and negative temperature shocks observed in prior 
models is present with respect to inter-province moves to urban areas. Each month of 
exposure to negative temperature shocks is associated with a 9.9% increase in the odds of 
inter-province moves to urban destinations, with a corresponding positive effect of an 
approximately 3.6% for each month of exposure to positive temperature shocks. The 
observed climate effects on migration to urban areas may be of particular interest to 
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demographers and policymakers concerned with urbanization, and the link between this 
process and global climate change. In line with recent evidence from the African context, 
our results suggest a potentially important climate-urbanization link (Barrios et al. 2006; 
Henderson et al. 2015; Poelhekke 2011). However, we underline the suggestive nature of our 
findings since we are not able to distinguish between rural-to-urban and urban-to-urban 
migrants in our data.
Climate effects on inter-province moves to rural areas are somewhat different. Our estimates 
suggest a negative (RRR=0.979), but marginally significant association between positive 
temperature shocks and inter-province moves to rural destinations. In line with the estimates 
of moves to urban areas, we find a positive and statistically significant effect of negative 
temperature shocks (RRR=1.050) on inter-province moves to rural destinations. Climate-
related migration is not exclusively directed toward urban areas. This finding raises a 
number of important issues for future research to consider, including understanding whether 
the characteristics of rural- and urban-bound migrants are systematically different.
6.5. Between-country heterogeneity
As one way of examining whether climate effects on migration are shaped by the 
institutional or agro-ecological context in which they occur, we also analyze between-
country differences in climate effects on inter-province migration (Table 5). Indeed, the 
considerable diversity in terms of agroecological conditions, reliance on agriculture, and 
wealth among the countries in South America is a key motivation for the geographic focus 
of this study. For example, across the geographically wide and topographically diverse area 
we consider here, the Food and Agricultural Organization (FAO) has identified at least ten 
major farming systems (Dixon et al. 2001). Also consider the diversity of income levels. Per 
capital gross domestic product (GDP, reported in 2005 U.S. dollars) in 2014 was $9,854 in 
Chile, $8,017 in Uruguay, $7,664 in Argentina, $5,881 in Brazil, $4,658 in Colombia, 
$3,809 in Ecuador, $2,094 in Paraguay, and $1,410 in Bolivia (World Bank 2016). In 
general, these income figures are inversely correlated with the shares of the population 
working in agriculture, where exposure to the effects of climatic change is expected to be 
greatest. For example, the share of total employment in agriculture is highest in the lowest 
income countries, such as Ecuador (29%), Paraguay (30%), and Bolivia (32%) and lowest in 
the region's wealthiest countries of Chile (13%), Uruguay (11%), and Argentina (1%) 
(World Bank 2016). Although we cannot identify the specific macro-level factors that 
moderate climate effects on migration in the current analysis, we expect the presence, 
direction, and magnitude of these effects to vary across the diverse contexts within our 
sample, as other multi-country studies have found (Gray & Wise, 2016; Neumann & 
Hermans, 2015).
We present the results in Table 5, which shows the net coefficient estimates of the climate 
variables of interest for each country. With respect to the 5-year rainfall and temperature 
averages, our results reveal two key patterns. First, changes in 5-year rainfall averages have 
little effect across the region: rainfall has a significant effect only in Columbia, where 
higher-than-average rainfall is associated with decreased likelihood of migration 
(OR=0.764). The effect of multi-year rainfall levels is non-significant in all other countries. 
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Second, the effects of changes in 5-year temperature averages are more widespread, but the 
direction, magnitude, and degree of confidence around these estimates vary considerably. 
The effects of multi-year temperature conditions are statistically significant at conventional 
levels in three of the eight countries. In one of those countries—Bolivia—the effect is 
negative (OR=0.847), while the effect is positive in the other two countries—Brazil and 
Uruguay. However, the magnitude of the effect varies considerably between those two 
countries. The estimated odds ratio for Uruguay (OR=2.446) is more than twice than that 
estimated for Brazil (OR=1.122). We also find a positive temperature effect in Chile 
(OR=1.364), but this estimate is only marginally significant (p<0.10). Post-estimation tests 
show that the joint effect of the country-specific interaction terms is statistically significant 
(p<0.01).
We next turn to our estimates of how exposure to monthly rainfall and temperature shocks 
affect the likelihood of inter-province migration across different counties. Our results 
indicate positive temperature effects in many countries, with exposure to anomalous 
temperatures increasing migration in all cases were there are non-zero effects. However, the 
magnitude and statistical significance of these estimates vary considerably across countries, 
as does the sensitivity of migration patterns to positive or negative temperature shocks. For 
example, exposure to months with abnormally higher temperatures is associated with 
statistically significant increases in inter-province migration odds in Argentina (OR=1.354) 
and Uruguay (OR=1.909), but negative temperature shocks did not have significant effects in 
either of these countries. In contrast, negative temperature shocks have positive effects on 
migration at marginal levels or greater in Bolivia (OR=1.063), Chile (OR=1.146), Colombia 
(OR=1.157), and Ecuador (OR=1.051).
Our estimates of models that allow climate effects to vary by country also suggest that 
negative rainfall shocks increase migration in some countries. Specifically, we find that each 
month of exposure to exceptionally dry conditions—when cumulative monthly rainfall does 
not exceed 1 mm—is associated with a 7.0% increase in the odds of inter-province in Chile, 
and a 68.4% increase in migration odds in Colombia. Together, our results in this section of 
the analyses highlight considerable macro-level variation in climate effects on migration, but 
nonetheless continue to support the argument that adverse conditions increase inter-province 
migration in the region. The one key exception to this pattern is the observed inverse 
association between multi-year temperature averages and migration in Bolivia. Under the 
assumption that higher temperatures are associated with adverse conditions, this inverse 
relationship suggests a trapped population dynamic whereby populations are immobilized by 
poor environmental conditions that may degrade the resources needed to migrate. That this 
dynamic is generally expected to be present among poorer populations is consistent with this 
observation in Bolivia, one of the poorest countries in the region.
6.6 Variation by historical climate
Migration patterns may be driven by threshold effects (Bohra-Mishra et al., 2014), such that 
shifts in migration occur only in response to changes associated with temperatures or rainfall 
above (below) a certain absolute level. Under such scenarios, one might observe differences 
in effects according to the absolute temperature and precipitation averages that deviations 
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are measured from. As a final analysis, we therefore consider whether climate effects vary 
according to historical temperature and precipitation averages for each province (Table 6). 
We find little in the way of substantively important interactions, with one key exception: 
historical temperatures moderate the association between migration and multi-year average 
temperatures (Specification A). For example, point estimates suggest that populations in 
provinces with an average historical temperature of 5° C—near the bottom of the range 
observed in our sample—would experience a 22.6% increase in migration odds for every 1 
SD increase in average temperatures (OR=1.226, β=0.204, p=0.031). The direction of this 
estimated effect is consistent with the overall model, but suggests a stronger relationship. 
This finding also means that cold snaps—which may be of most concern in places with 
cooler climates—have an immobilizing effect in such contexts. In contrast, the magnitude of 
this effect diminishes and approaches zero as average historical temperature increases. A 
similar calculation indicates that individuals in provinces with an average historical 
temperature of 27° C—near the top of the range observed in our sample—would experience 
no statistically significant change in the odds of inter-province migration given a 1 SD 
change in average temperatures (OR=0.915, β= -0.089, p=0.464). Higher average 
temperatures do not have a uniformly displacing or immobilizing effect.
7. Discussion and conclusion
In this paper, we evaluate the effects of climatic variability on human migration in eight 
South American countries, considering the effects of prolonged or repeated shocks and 
anomalous conditions over multi-year periods. The entirety of our results offers a complex 
picture of climate-migration linkages in the region, with impacts contingent upon the climate 
phenomenon in question, migration outcome examined, and national or demographic sub-
population considered.
A number of notable patterns nonetheless emerge from these findings. First, changes in 
temperature tend to have more robust effects on migration than do changes in rainfall, a 
finding that is consistent with recent research. Second, overall estimates suggest that 
climatic variability increases the likelihood of inter-province migration across the region, 
rather than trapping vulnerable populations in place. Third and relatedly, these overall 
effects mask heterogeneity across groups, countries, and according to baseline climatic 
conditions (e.g., historical temperature and precipitation levels). The effect, or lack thereof, 
of some sources of climate variability is shown to be contingent upon affected persons' 
gender, age, and country of residence. For example, deviations in the average temperature 
over 5-year periods only have a significant effect on migration in Bolivia, Brazil, and 
Uruguay. In Bolivia increases in temperature have a negative effect on the likelihood of 
migration, but in the other two countries the effect is positive. The effects of temperature 
over 5-year periods is also shown to vary significantly according to the historical mean 
temperature, with the implication that temperature increases in certain places may have 
immobilizing effects on populations (versus migration-increasing effects elsewhere). Fourth 
and finally, much of the inter-province migration induced by temperature shocks measured 
at monthly intervals is directed toward urban destinations (i.e., rural-urban and urban-urban 
migration): Overall, each month of exposure to positive and negative temperature shocks 
increases the likelihood of migration to urban areas by 3.6% and 9.9%, respectively.
Thiede et al. Page 17
Glob Environ Change. Author manuscript; available in PMC 2017 November 01.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
Our results also suggest a number of topics for future research, which we hope will build on 
our findings and address limitations to our study. For one, our evidence regarding cross-
national heterogeneity in climate effects raises a number of lines for future inquiry. Chief 
among them is the need to identify the specific institutional or agro-ecological factors that 
explain such variation, which we were unable to do due to data limitations. Future work 
should endeavor to overcome these constraints such that researchers are able to measure 
time-varying determinants at sub-national scales to identify the conditions that moderate 
climate effects on migration. By identifying the how social, political, and economic context 
affects this relationship above and beyond individual characteristics, researchers can better 
inform the distribution of funding and design of interventions to target vulnerable 
populations and help them cope with climate variability.
A related limitation is our focus on internal migration. There are well-entrenched patterns of 
intra-regional migration in South America (Cerrutti & Parrado, 2015) such that our focus on 
inter-province migration within countries may miss substantial movement across 
international borders of neighboring or nearby countries. These international moves may be 
no further or more costly than inter-province moves within countries, making the internal-
international dichotomy somewhat problematic. An implication is that such intra-regional 
migration is also likely to be used as a response to climate variability. While identifying such 
cross-border migration is not possible using the data analyzed in this study, future research 
using other data should address this question.
Our finding that much of the observed climate-induced migration is directed toward urban 
areas suggests the need to explore the consequences of such migration for the receiving 
communities and migrants themselves. In cases where affected migrants are moving from 
rural areas, then transitions to urban areas may represent a unique set of challenges. The use 
of migration to urban centers as a means of adapting to climate change will require many 
subsequent adaptations in livelihood for these rural populations, as well as the communities 
they settle in. That said, we were unable to identify whether urban-bound inter-province 
migrants originated in rural or urban areas, and data limitations also precluded comparable 
analyses of within-province migration directed toward urban areas. The implication is that 
we cannot make strong claims about climate and rural-to-urban migration in South America 
based on these findings. This is a clear limitation of the current analyses, and one that future 
research should address with other data. As we described above, existing literature on the 
link between climate and urbanization is quite limited, and to our knowledge currently 
restricted to studies of sub-Saharan Africa.
A final way that future work could build on the current study is to exploit data sources with 
finer-grained geographic identifiers. While a necessary limitation, the coarse, province-level 
measures used in our study may have obscured potentially important internal variation in 
climatic conditions, and did not account for the spatial distribution of the population at risk 
of migration. Likewise, our multi-year migration and climate measures may mask nuances 
with respect to time order and, in the case of our climate measures, seasonality.
Nonetheless, our use of an extremely large, multi-period and multi-national dataset to draw 
generalizable claims about climate-induced migration represents one of only a few recent 
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studies to shift from country- and often time-specific analyses to broader scales (Gray & 
Wise, 2016). This is a task that should continue to be taken up in future research. The 
complexity of our findings also underlines the fact that the use of case studies (where fine-
grained geographic identifiers are most likely to be available) should not be abandoned. 
Indeed, future research should work to more carefully integrate and compare large- and 
small-scale studies to better understand diverse patterns of climate effects on human 
migration.
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Highlights
• Extreme monthly temperatures have the most consistent effects on migration 
in the region
• Much of the climate-related inter-province migration is directed toward urban 
areas
• Climate effects on migration vary by country and historical climate conditions
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Table 6
Coefficient estimates, logistic regression models predicting inter-province migration, 
climate measures for years 1-5 prior to census
Spec. A Spec. B
Temperature, standardized 0.270 *
Rainfall, standardized -0.062
Count, monthly temperature > 2 SD 0.080
Count, monthly temperature < (-)2SD -0.051
Count, monthly rainfall > 2 SD -0.042
Count, monthly rainfall < 1 mm 0.082 +
Historical temperature * temperature, standardized -0.013 *
Historical rainfall * temperature, standardized 0.000
Historical temperature * rainfall, standardized 0.000
Historical rainfall * rainfall, standardized 0.000
Historical temperature * count, monthly temperature > 2 SD -0.001
Historical rainfall * count, monthly temperature > 2 SD 0.000
Historical temperature * count, monthly temperature < (-)2SD 0.008
Historical rainfall * count, monthly temperature < (-)2SD 0.000
Historical temperature * count, monthly rainfall > 2 SD 0.000
Historical rainfall * count, monthly rainfall > 2 SD 0.000
Historical temperature * count, monthly rainfall < 1 mm -0.010 *
Historical rainfall * count, monthly rainfall < 1 mm 0.000 +
0.046 0.047
Pseduo R2 9 5
Joint test, climate variables **
Joint test, interaction efects
N 2,13,44,711
+p<0.10,
*p<0.05,
**p<0.01
Models include control variables and province and decade fixed effects
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